Object. Symptomatic sellar arachnoid cysts (ACs) have typically been treated via the transsphenoidal route. After sellar cyst wall fenestration, some authors have advocated cyst wall resection and increasing communication between the AC and suprasellar subarachnoid space (SAS). This study is a report of the authors' experience using a simplified approach to reinforce a defective diaphragma sellae or unseen arachnoid diverticulum by deliberately not enlarging the AC-SAS communication and obliterating the cyst cavity with adipose tissue followed by skull base reconstruction.
S ellar ACs are relatively rare. Overall, ACs comprise only approximately 1% of intracranial spaceoccupying masses, and sellar ACs comprise roughly 3% of all intracranial ACs. 24 Excluding our series presented here, only 68 other cases of sellar ACs have been reported in the English and French literature. While other cystic parasellar masses are more common, such as cystic pituitary adenomas, craniopharyngiomas, and Rathke cleft cysts, the rarity of sellar ACs does not preclude the need for surgical intervention when they become symptomatic.
Treatment of sellar ACs has typically involved transsphenoidal fenestration of the cyst's anterior wall or, less frequently, through a craniotomy. Some authors have encouraged excision of the cyst's membranes either partially or entirely. 6 Others have advocated that a communication between the cyst cavity and the suprasellar SAS should be largely opened. 6 To our knowledge, no series has reported a homogeneously treated population of sellar ACs using obliteration of the cyst cavity alone. Furthermore, the materials used for cavity obliteration such as fat, muscle, fascia, and biological glue, as well as the reconstruction technique have not been consistently described. 4, 6, 23 Despite their benign nature, transsphenoidal treatment of sellar ACs has been associated with a relatively high rate of serious complications including visual loss, 32 postopEndonasal management of sellar arachnoid cysts: simple cyst obliteration technique erative CSF leak, 1, 4, 6, 17, 27, 32 meningitis, 23, 32 and intracranial ab cess. 22 In this paper we describe the concept and technique of a simplified endonasal approach for symptomatic sellar ACs that aims to eliminate abnormal CSF flow into the AC from the SAS. This goal is accomplished by AC obliteration with fat to reinforce a defective diaphragma sellae or arachnoid diverticulum; the communication between cyst cavity and the SAS is deliberately not enlarged. This technique is contrary to the traditional method employed for disrupting abnormal CSF flow dynamics for most intracranial ACs in which the goal is to enlarge the communication between the AC and SAS. In this report we also emphasize the enhanced visualization of the AC cavity obtained with the endoscope. 4 ,5
Methods

Patient Population and Data Collection
All patients in our prospective database between July 1998 and September 2010, who underwent an initial endonasal transsphenoidal surgery for treatment of their symptomatic sellar AC and who had at least a 6-month clinical and imaging follow-up, were considered for the study. Among the 10 cases identified, 2 patients with larger cysts had a deliberate communication created between the sellar AC and the SAS at the time of surgery and were therefore excluded from this technical report. Subsequently, this approach of augmenting the AC-SAS opening was believed to be potentially counterproductive in eliminating the AC-SAS communication and was thereafter abandoned; in all subsequent patients, no communication was made or enlarged between the cyst and the SAS, and instead only cyst obliteration with fat was performed.
Patients' clinical notes, operative notes, imaging studies, and hormonal studies were reviewed. Data on lesion characteristics, detailed intraoperative observations, intra and postoperative complications, and clinical outcomes were collected. All procedures were performed by the senior author (D.F.K.) at UCLA Medical Center or Saint John's Health Center. The institutional review boards of each institution approved this retrospective study of patient data.
Preoperative and Postoperative Evaluation
Endocrine Assessment. Endocrine function was assessed with standard hormonal assays, including levels for plasma adrenocorticotropic hormone and serum cortisol, thyroid-stimulating hormone and thyroxine, luteinizing hormone, follicle-stimulating hormone, testosterone in men and estradiol in women, growth hormone, and IGF-I. Given that patients often underwent their initial and follow-up endocrine assessments at outside laboratories by referring endocrinologists or primary care specialists, a standard reference range is not provided, and instead values were reported as normal or abnormal based on the reference range for a given laboratory test. Additionally, several of the patients had relatively long-standing hormonal deficiencies that were diagnosed and treated well before the diagnosis of their arachnoid cyst, and thus, their original hormonal values were not available. As previously described, 9, 10 in the early postoperative period patients were monitored for diabetes insipidus based on urine volume and urine specific gravity. Additionally, for patients without preoperative adrenal insufficiency and not receiving glucocorticoid replacement, serum morning cortisol and adrenocorticotropic hormone levels were monitored. Preoperative or postoperative endocrinopathy includes anterior gland axis deficiencies of hypoadrenalism, hypothyroidism, hypogonadism, and IGF-I deficiency, as well as posterior lobe dysfunction of diabetes insipidus. Two additional forms of endocrinopathy that were documented include stalk compression "hyperprolactinemia" 7, 10, 20, 21 as well as severe hyponatremia, given that 2 patients in the series were diagnosed as a result of hyponatremia. 10, 15, 29, 30 Visual Function Assessment. Preoperative and postoperative visual function assessment included visual acuity using the handheld eye card and formal visual field testing. Visual function was considered improved if visual acuity assessed by the handheld eye card improved by at least 2 lines and/or if visual field defects, assessed by field confrontation and/or by formal visual field testing reviewed by an ophthalmologist, were resolved or improved.
Imaging. All patients underwent pre-and postoperative pituitary MR imaging with and without Gd, including early postoperative MR imaging on postoperative Day 1 or 2 and then subsequent MR images at 3-to 6-month intervals. A presumptive diagnosis of sellar AC was made when the sellar MR imaging showed CSF signal on all sequences and there was absence of abnormal enhancement in the cyst wall region.
Surgical Techniques
A direct endonasal transsphenoidal approach to the sellar region was performed in all cases of this series using either an endoscopically assisted microsurgical technique or more recently a fully endoscopic approach. 9, 18 The various techniques to approach the sellar region have been previously described by the senior authors and are discussed in the literature. 9, 18 A brief summary of the surgical procedure as it pertains specifically to treatment of the sellar AC follows (Fig. 1) .
After a wide sphenoidotomy and sellar bone opening, the dura is incised in a U-shaped fashion and is flapped upward. A relatively small dural opening is performed that is large enough to work through and pass a 4-mm rigid endoscope but is not so large as to complicate skull base closure. Specifically, the dural opening should not extend to the inferior sellar pole or the lateral sellar edges so that a dural margin will remain circumferentially to help hold the eventual fat graft in position. Care must also be taken to selectively open the dura only, while not penetrating the pituitary gland that may be located anteroinferiorly, or the AC itself. If the pituitary is pushed anteriorly, a vertical gland incision may be needed to enter the cyst (Case 2). The AC membrane is then opened sharply with a microblade (in all cases, copious amounts of clear CSF immediately poured forth). A small window is cut into the anterior AC membrane and the specimen is sent to pathology. An inspection of the AC cavity is performed initially using the microscope and more recently with the endoscope to visualize the cyst walls, making sure the lesion is not a cystic tumor, and looking for potential diaphragmatic defects or arachnoid diverticula. After cyst drainage the superior portion of the cyst typically herniates downward into the enlarged sella and must be manipulated carefully to avoid enlarging the communication into the SAS. The insertion of the infundibulum into the diaphragma should be carefully inspected, as defects have often been noted in this location and although small, they may be a site for CSF entry into the sella. 6 Widening or dissection through the diaphragmatic defect to establish a larger communication to the suprasellar SAS is specifically avoided. Additionally, the cyst wall is not dissected off of the pituitary gland (which is typically thinned and attenuated) given the risk of worsening pituitary dysfunction.
Next, the AC cavity is obliterated with a fat graft. If a definitive diaphragmatic defect is visualized, the fat graft should extend up to and partially through this defect as shown in the postoperative MR imaging in the case illustration (below). The fat graft should fill the cavity sufficiently while not causing excessive optic apparatus compression. After cyst obliteration, the dura should remain pulsatile but no or minimal CSF should be noted weeping through the now-filled cyst cavity. A Valsalva maneuver is performed to further assess the adequacy of the fat graft and degree of CSF leakage and whether the fat will remain within the sella. If there is substantial egress of CSF at the time of the Valsalva maneuver, additional fat should be placed within the sella but with care not to overpack the sella.
Next, a layer of collagen sponge (Helistat, Integra Life Sciences) is placed over the sellar dura and adjacent sphenoid bone. A semirigid buttress using titanium micromesh (Leibinger) or other buttress material is then placed in the intrasellar extradural space to hold the repair firmly in position. Care is taken to cut the buttress just wide enough to extend 1-2 mm lateral to the bony sellar defect. Another Valsalva maneuver is performed to be certain the mesh is well-wedged into position. Additional fat is placed in the posterior sphenoid to cover the mesh, followed by a second larger piece of collagen sponge to cover the outer fat graft, followed by tissue glue (either Tisseal or DuraSeal). 8 Earlier in the senior author's experience, a lumbar drain was used for CSF diversion of high-grade (Grade 3) CSF intraoperative leaks, but in the last 8 procedures no lumbar drain was used and instead acetazolamide was used for 48 hours. Although we have not used a pedicled vascularized flap, this is an alternative skull base repair that may also be effective in these patients.
11,19
Results
Patient Demographics and Clinical Presentation
As shown in Tables 1 and 2 , the patient population consisted of 6 women and 2 men with a mean age of 57 years (range 43-81 years). Clinical presentation included constitutional symptoms (headache, malaise, low energy, weight gain), visual dysfunction, and episodic severe hyponatremia ( Table 1 ). The most common presenting constitutional symptom was fatigue and low energy occurring in 6 patients (75%) followed by headache in 4 patients (50%) and decreased libido in 2. Of 4 patients with visual dysfunction, all 4 had visual field defects and 2 had decreased visual acuity. Endocrinopathy was document- ed in 4 patients (50%), including 4 with hypogonadism, 3 with hypothyroidism and/or adrenal insufficiency, and 2 with hyperprolactinemia. Two of these patients (Cases 5 and 7, Table 1 ) both with multiple axes deficiencies also had recurrent episodes of symptomatic severe hyponatremia over several years with serum sodium levels less than 120 mmol/L.
On preoperative MR imaging, the cystic lesion was presumptively believed to be a sellar AC in all cases. In all 8 patients, MR imaging showed a bowing upward of the diaphragma sellae and thinning of the pituitary gland, confirming the presence of mass effect within the expanded sella. The average maximal cyst diameter was 22 mm (range 15-32 mm) and all cysts had some degree of suprasellar extension. Cyst contents were consistent with CSF on all imaging sequences and no suspicious enhancement was noted in any case to suggest possible tumor (Fig. 2) . As detailed in Table 2 , the pituitary gland was most commonly displaced superiorly (in 6 patients), laterally (in 4 patients), or bilaterally (in 4 patients).
Endonasal Treatment
The pituitary gland was found to be displaced anteriorly in 3 cases requiring a vertical incision in the gland to enter the arachnoid cyst in 1 case (Case 2) and a low horizontal incision to provide better access to the cyst in another (Case 4). A clear direct communication between the SAS and the cyst was visualized in only 2 procedures (Case 2 at both initial and repeat surgery). An endoscopically assisted technique was performed in 8 procedures (88.9%; Table 2 ). Visualization of the cyst's cavity and the suprasellar anatomy was clearly better using the endoscope with 0° and angled lenses in these 8 procedures.
After cyst decompression, simple obliteration of the sellar space with an autologous adipose tissue graft and sellar floor reconstruction was performed in all cases as described in Methods. In this series, a high-flow (Grade 3) CSF leak was noted intraoperatively in Cases 1 and 2 and was reconstructed accordingly. 8 A cyst membrane was sent in 3 cases and was confirmatory of arachnoid tissue in 2 cases and in the other specimen it was too small for a definitive diagnosis.
Surgical, Endocrine, Visual, and Imaging Outcome
All 8 patients underwent an initially successful endonasal cyst fenestration and obliteration. Early postoperative Day 1 imaging using either a CT scan or MR imaging demonstrated cyst obliteration in all patients (Fig. 2 ). There were no postoperative CSF leaks, meningitis, new neurological deficits, or vascular injuries. One patient developed postoperative sinusitis that resolved with oral antibiotics (Case 8; see illustrative case below).
The mean clinical follow-up was 32 months (range 10-53 months). Of the 4 patients that presented with headache, all improved following surgery. All 4 patients with preoperative visual field disturbances experienced resolution or marked improvement in visual fields, and 2 of these patients (Cases 3 and 7; Tables 1 and 2 ) also had improved visual acuity; no patients developed new visual deficits. Regarding endocrine dysfunction, none of the 3 patients with multiple preoperative anterior pituitary axes deficiencies experienced improved pituitary function, but there was no worsening of pituitary function. Of 2 patients with stalk compression hyperprolactinemia (Cases 3 and 5), both had prolactin normalization but as detailed below, one has had recurrent mild hyperprolactinemia. The 2 patients with episodic severe symptomatic hyponatremia have had no further episodes of hyponatremia documented for 29 months (Case 5) and 21 months (Case 7) since surgery. Thus, 3 of 4 patients experienced partial improvement in endocrine dysfunction.
The mean length of imaging follow-up for these 8 patients was 21 months (range 6-47 months). To date, 2 patients (Cases 2 and 5) have developed cyst reaccumulation at 3 and 29 months after surgery, respectively. In Case 2, this 52-year-old woman was noted to have a relatively large SAS-AC defect at the time of her original surgery. She experienced initial resolution of her headaches, but these recurred and progressively increased in frequency and intensity over the next 3 years. Consequently, at 43 months after her original surgery, she underwent repeat endoscopic cyst obliteration. At reoperation, the great majority of the fat was noted to have been reabsorbed and the large communication between the sella and SAS persisted, thus a new larger fat graft was placed. Currently at 11 months after her second surgery, her headaches have improved and her last MR imaging (4 months postoperatively) showed fat filling the enlarged sella with no reaccumulation of the AC. In Case 5, at 12 months postsurgery, this 81-year-old woman experienced resolution of her preoperative headaches, no further bouts of severe hyponatremia, a normal prolactin level, and complete disappearance of her arachnoid cyst on MR imaging. However, at 29 months after surgery, her endocrine studies revealed recurrent mild hyperprolactinemia to 31.5 ng/ml, and MR imaging showed partial cyst reacculumation. Because she remains asymptomatic, conservative management with endocrine and imaging follow-up is planned.
Illustrative Case
This 43-year-old healthy woman (Case 8) had a several-month history of fatigue and a 1-month history of severe daily vertex headaches. Her sellar MR imaging showed a cystic sellar lesion with suprasellar extension measuring 14 × 16 × 17 mm following CSF signal intensity on all sequences; the pituitary gland and stalk were pushed toward the right (Fig. 2) . Her preoperative endocrine workup was significant for a low-normal IGF-I level of 62 ng/ml (normal range 58-318 ng/ml); a formal stimulation test for growth hormone deficiency was not performed. She had normal visual acuity and full visual fields. Given her symptoms and the relatively large size of her AC with severe gland distortion, an endonasal cyst fenestration and obliteration with abdominal fat was performed ( Fig. 1) . Her postoperative Day 1 MR imaging showed obliteration of the cyst cavity with fat, and skull base reconstruction (Fig. 2) . Endoscopic examination of the nasal cavity resulted in a diagnosis of acute sinusitis, which resolved with antibiotic treatment. Her latest hormonal studies 10 months after surgery were all normal including an improved IGF-I level to 155 ng/ml, and her 10-month postoperative MR imaging showed no AC reaccumulation, minimal residual fat graft, and a fuller thickened pituitary gland (Fig. 2) . Her headaches completely resolved and her energy has improved.
Discussion
Pathophysiology of Intrasellar ACs
The pathophysiology of intrasellar ACs remains con- troversial. Currently, two hypotheses may explain the formation of these benign lesions. The first states that intrasellar ACs result from a defective diaphragma sellae through which the basal arachnoid membrane herniates. According to this mechanism intrasellar ACs do not represent true intraarachnoid cysts but more an arachnoid diverticulum. This diverticulum may remain patent, responsible for communication between the SAS and the cyst's cavity, qualified accordingly as communicating. 1, 6, 14 The aperture through which the diverticulum herniates may also close, creating a noncommunicating cyst. This closure may result from either a dynamic reconfiguration of the cyst's superior wall and displacement of normal structures, or as a result of an arachnoiditic phenomenon following a meningitis, hemorrhagic, or inflammatory event. 1, 6, 14 The second hypothesis proposed by Meyer et al. 23 states that the intrasellar cyst develops in the same fashion as other intracranial ACs-between the arachnoid layers. This diverticulum would either originate above the diaphragm and expand through its aperture or develop from a subdiaphragmatic arachnoid layering. 23 More recently, the diaphragma sellae and the pituitary stalk's anatomy have been studied in great detail. 3, 31 Although it was believed that there is no arachnoid tissue below the diaphragma sellae, Campero and colleagues 3 have elegantly shown that the basal arachnoid membrane covering the diaphragma sellae extends not only superiorly along the pituitary stalk but also inferiorly, along a variable distance. These findings support the hypothesis of Meyer et al. 23 Given the presence of arachnoid along the pituitary stalk extending down to the pituitary gland, well beyond the diaphragma sellae, an intrasellar AC may potentially arise from one of these arachnoid sleeves. Cerebrospinal fluid may penetrate via a ball-valve mechanism and favor expansion similarly as for other intracranial ACs. Therefore, some intrasellar ACs may actually be true intraarachnoid cysts, accounting for some of the cases in which no communication between the cyst and the suprasellar SAS is noted during surgery. 23 
Surgical Management of Intrasellar ACs
Although some rare sellar ACs have been successfully treated by stereotactic intracavitary irradiation, symptomatic ACs are most frequently addressed surgically. 6, 26 Early on, some cases were addressed through a transcranial approach. 2, 17, 24, 25 However, the majority of more recent symptomatic ACs have been fenestrated via the transsphenoidal route (Table 3) . Although fenestration of the anterior cyst membrane is an essential initial entry point using the transsphenoidal approach, the subsequent intrasellar management of these ACs has been inconsistent among case reports and even within series. In most reports, some degree of augmenting communication between the AC and SAS has been performed and removal of some of the cyst lining is also often performed. 6 Although we took this approach in our early experience with sellar ACs, for all cases in this series we deliberately did not create or augment communication between the cyst and the SAS, nor have we excised the cyst membrane given potential damage to the pituitary gland and infundibulum. Instead, by simply filling the enlarged sella with a generous fat graft and leaving all arachnoid membranes and diaphragma sellae intact, we augmented the natural but deficient barrier between the SAS and sellar space. Acutely, it appears the fat graft prevents the sella from refilling with CSF, and over time, it likely induces scar formation to the diaphragma and parasellar arachnoid, recreating the natural partition between the sella and SAS. This minimalist technique aims to recreate the anatomical and physiological state in which the diaphragma sellae acts more as a true barrier to arachnoid descent and CSF entry into the sella turcica. As can be seen in the case examples presented, there appears to be varying degrees of fat reabsorption over time (Figs. 3 and 4) but complete cyst reaccumulation was observed in only 1 patient (Case 2) and partial reaccumulation was noted in a second patient (Case 5). Although simple cyst obliteration with adipose tissue appears to eliminate the cyst and has a high rate of symptomatic improvement, given the relatively short follow-up in some patients, it remains unproven whether this technique will provide a lasting solution.
Another advantage of this simple technique is that the degree of communication between the sella and SAS is minimized since the diaphragma and the suprasellar arachnoid membranes are not further opened or removed. Leaving these barriers in place likely reduces the risk of a postoperative CSF leak because a high-flow leak into the sella is minimized. In this series, we found no postoperative CSF leaks using this technique. In contrast, totaling prior reports, 11 (16.2%) of 68 cases have experienced postoperative CSF leaks.
1,4,6,13,17,26,27,32 Saeki et al. 27 even stipulated that a lumbar drain should be placed in every case of a sellar AC regardless of the efficiency of the skull base repair due to this high leak rate. In our experience, using sellar obliteration with fat and a semirigid sellar floor buttress, CSF diversion with a lumbar drain is infrequently needed. In our series, only 2 cases (1 and 2) had high-flow intraoperative CSF leaks and only Case 1 was treated with CSF lumbar diversion.
While this simple technique appears to work well for this subset of smaller ACs up to 3 cm in size, it is quite possible that for larger cysts with a significant suprasellar extension, sellar packing alone would not efficiently occlude the AC-SAS communication and reaccumulation would be likely. These larger, more extensive suprasellar ACs may be best managed by a traditional approach of transcranial fenestration into the suprasellar SAS.
Until recently, most case reports or series of sellar ACs have used the purely microscopic transsphenoidal approach. 1, 5, 6, 12, 14, 16, 17, [22] [23] [24] [25] [26] [27] [28] [32] [33] [34] Dietemann and colleagues 5 first described the use of the endoscope to explore the cystic cavity, which lead to the finding of a communication between the cyst and the suprasellar SAS in one of their cases. More recently, Cavallo and colleagues 4 in a multicenter study recognized the role of the endoscope in the transsphenoidal management of sellar cystic lesions. For sellar ACs with a large sella, they observed that the angled scopes allowed a much wider and more panoramic visualization of the suprasellar cistern and the entire cavity. In our series, we noted a communication between the suprasellar SAS and the AC in Case 2 at initial and repeat surgery with the help of the endoscope. For the remaining cases in whom no obvious communications were observed, this was much more confidently determined using the endoscope. This visualization technique allows a better view of the superior arachnoid membrane and the flattened pituitary gland and insertion site of the infundibulum. It provides a better exploration of the cyst's cavity, inspecting all the walls of the cyst to verify that there is no evidence of cystic tumor.
Improvement in Preoperative Symptoms
Among the 4 other largest cases series concerning intrasellar ACs, visual symptoms have improved in 67% to 100%, although most series reported 100% improvement. 4, 6, 23, 28 Spaziante et al. 32 reported a case of acute blind ness following surgery that was believed to be due to prolapse of the optic chiasm into the sellar cavity. Although the patient was brought back to the operating room to refill the sella, his vision never improved. 32 Headache improvement occurs in 33% to 50% of cases. 4, 6, 28 Regarding pituitary function, hyperprolactinemia resolved postoperatively in 100% of cases. 4, 6, 23 Patients with anterior pituitary dysfunction improved between 80% and 100%, 6, 28 although those with preoperative complete pituitary failure did not improve in the series by Dubuisson et al. 6 New pituitary dysfunction has been reported in 11% to 15% of patients. 6, 23 In our small series, both headache and visual function improved in 4 of 4 patients. Regarding endocrine outcome, none of the 3 patients with 3 or more axes deficiencies experienced resolution of an axis deficiency, but stalk compression "hyperprolactinemia" resolved in 2 patients and recurrent symptomatic hyponatremia has not recurred in 2 patients. Thus, overall there was partial improvement in pituitary dysfunction in 3 of 4 patients but this was transient in Case 5; there was no new endocrine dysfunction. Overall, this small clinical series and prior reports of sellar ACs indicate that surgical treatment results in significant improvement of preoperative symptoms including headaches, visual function, and to some degree, endocrine abnormalities. Also, our results appear to indicate that even though the fat graft obliterates the potential space of the enlarged sella, it does not create such excessive mass effect that it results in worsened gland function or new visual loss.
Conclusions
Symptomatic intrasellar ACs are uncommon sellar lesions that can be effectively treated by simple obliteration of the sellar space with an abdominal fat graft and sellar floor reconstruction. By deliberately not augmenting or enlarging the communication into the SAS, this technique aims to recreate the natural barrier between the sella and the suprasellar space. In this small series with a relatively short follow-up duration, this approach appears to achieve a high success rate in terms of reversing headaches, visual loss, and endocrinopathy, and produces a low complication rate. Endoscopy is recommended for all such cases given the enhanced panoramic visualization of the sellar and suprasellar space.
